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DRAG AND LOSS OF SPIN OF BRITISH 3 I N C H  SHELL 

A b s t r a c t  

The drag c o e f f i c i e n t s  of two forms o f  B r i t i s h  jn shell a r e  
compared- t o  those of similar &nericen s h e l l s ,  and found t o  agree qui te  
well .  The spin  coef f i c ien t  of one of the E r i t i s h  s h e l l s  i s  determined 
from d r i f t  d a t a .  

1. 'OBJECT: l e s e r s  . F o r l e r ,  Ga l lop ,  Lock, and Richmond* 
ob ta ined  aerodynamical  d a t a  f o r  a 7 i n c h  s h e l l  c l t h  two 
d f f f e r e n t  heads, The d r a g  c o e f f i c i e n t s  f o r  bo th  forms 
were determined as f u n c t i o n s  of the  v e l o c i t y :  t h e s e  will 
be compared t o  t h e  d r a g  c o e f f i c i e n t s  of somewhat similar 
American 3 i n c h  s h e l l s ,  A l s o ,  t h e  d r i f t  of one form was 
computed, on t h e  assumption that t h e r e  mas no l o s s  of s p i n ,  
and compared t o  obse rva t ions :  a n  e m p i r i c a l  s p i n  c o e f f i c i e n t  
w i l l  be determined from t h e s e  d a t a .  

PROJECTILES; Form A f s a 1 6  l b ,  H .X, S h e l l  20 --- 
, Mark I I B  w i t h  a fuze  No. 80 Mark I11 ( F i g .  1 ) .  Form B i s  

t h e  Game s h e l l  w i t h  a 6 c a l i b e r  radius head (F ig .  3 ) .  The 
con tou r s  and dimensions  a r e  shown i n  Fowler1 o f i g u r e  6 .  
The s h e l l  ha s  a square base ,  and t h e  B r i t i s h  Mark I11 f u z e  
i s  e q u i v a l e n t  t o  about  a 2 c a l i b e r  r a d i u s  head, Form A i s  
similar t o  our A . A .  S h e l l  Mark IX with the S c o v i l l  Fuze 
Mark 111 ( ~ i  2 ) .  Form B i s  similar t o  our  15 l b .  S h e l l  

(Fig. ti. 
* "The aerodynzmics of a spinning shelll1: Ph i l .  T r ~ n s .  Royal Soc. 

London, A, 221, 295-387, (1920). 



DRAG: Fowler fa  curve I11 of F ig .  4 and curve I1 30 - 
of Fig.  5 a r e  p l o t s  of the d r a g  c o e f f i c i e n t  ( i n  terme of 
the r a d i u s )  a g a i n s t  t h e  r a t i o  of p r o j e c t i l e  v e l o c i t y  t o  
sound v e l o c i t y  i n  a i r .  These curves a r e  reproduced on the  
inc losed  p l o t s  (F ig s ,  5 and 6 ) ,  t oge the r  with similar 
curves f o r  the  American s h e l l s ,  based on d a t a  obtained , 

a t  Aberdeen." The non-dimensional d rag  coefficient shown 
here  i s  def ined  by t h e  formula: 

where 

D i s  the  drag, 

p i s  t h e  d e n s i t y  of t h e  a i r ,  

d i s  t h e  c a l i b e r ,  

u is t he  v e l o c i t y  of  the p r o j e c t i l e  
r e l a t i v e  t o  t h e  a i r ,  

These va lues  are f o r  zero yaw. The curves mere ex t rapo la ted  
f o r  u/a  l e s s  than 0.5: t h e  Bureau of S tandar6s  l a t e r  d e t e r -  
mined t h e  drag c o e f f i c i e n t  of the  Mark IX S h e l l  a t  r a t i o s  
l e s e  than 0.2,  and found that i t  was p r a c t i c a l l y  c o n s t a n t .  
I n  t h e  regions  where the  r e s i s t a n c e  f i r i n g s  were conducted, 
t h e  B r i t i s h  and American curves agree  remarkably wel l ,  

4, DRIFT: Fol#ler! s t a b l e  VIII g ives  c a l c u l a t e d  
t r a j e c t o r y  and d r i f t  d a t a  f o r  s h e l l  of form A ,  f i r e d  a t  a 
muzzle v e l o c i t y  of 2000 f t / s e c  and e l e v a t i o n s  of 50° and 300. 
Table I X  g ives  observed and c a l c u l a t e d  values of t h e  r a t i o  
of d r i f t  t o  Lime, f o r  guns r i f l e d  1/30 and 1 /40 ,  f i r e d  i n  
February and again  i n  A p r i l  and May of 1918, The d r i f t  
deduced from t h i ~  r a t i o  i s  t abu la ted  i n  the  inc losed  t a b l e .  
This  t a b l e  a l s o  shows the d r i f t  c a l c u l a t e d  wlth a v a r i a b l e  
sp in ;  the sp in  c o e f f i c i e n t  assumed f o r  t h i s  purpose was 

which was der ived  by KentMfrom experiments with a 3 , 3 "  s h e l l ,  

* "Report on program o f  resistance firings of  3Ig A.A. Shel l  Mark IX, 
Fuze Mark I I I t g .  O.P. 4339; T.S.T.P. 1922-112, 10 th  Add. "Peport on 
2esistance of 3" common s t e e l  she l l  Model 1915'l. 0.P. 4866; T. S.T.P.  1927-469. 

+* I1A Determimtion of  the  loss of  sp in  of p ro jec t i l e sg1 .  A.P.G. B.R.L. 
Peport 154 (1939). 



'5,, COMPUTATION OF DRIFT: The 108'8 i n  spln was 
determined by numerically so lv ing  the d i f f e r e n t i a l  equat ion;  

where 

M is the spin, 

d i s  the c a l i b e r  i n  inches,  
2 A is the a x i a l  moment of i n e r t i a  i n  1 b . f t  , 

p is t h e  r e l a t i v e  a i r  d e n s i t y  as a func t ion  of 
a l t i t u d e ,  

1: i s  t h e  p r o j e c t i l e  v e l o c i t y  i n  f t / s e c ,  

t i s  the  time i n  sec .  

The d r i f t  was then computed b y  Fomlerfs equat ions (4.203) and 
(4*204),  with  va lues  of fL/fp taken f rom F i g .  15,. 

6. COMPARISON: I f  Do denotes  the observed d r i f t ,  the 
percentage e r r o r  i n  the c a l c u l a t e d  d r i f t  Do i s  def ined  as 

The va lues  f o r  t imes l e s s  than 9 sec .  are ev iden t ly  e r r a t i c ,  
and  were disregarded. A weight of Do was as~umed  f o r  the  
o there .  The weighted mean percentage e r r o r s  a re :  

- 3.90 f o r  the  v a r i a b l e  s p i n ,  

+ 8,27 f o r  the  constant spin.  

7. 3PIN COEFFICIENTJ By i n t e r p o l a t i n g  l i n e a r l y  
between theee v a l u e s ,  me f i n d  that the mean e r r o r  would be 
zero i f  t h e  s p l n  c o e f f i c i e n t  were 0.68 of t h e  assumed va lue ,  

* ~hia retio, div ided by the square of the veloci ty ,  is tabulated in I 

bitch cock^ s "Drift", A . P .  G. B.R.L. f i l e  A-IV-29 (1926).. 



If consistent units were used, the spin c o e f f i c i e n t s  would 
be non-dimensional, and t h e i ~  valuee would be: 

K~ = OI00k3 f o r  the 3.311 s h e l l ,  

KA = 0.0033 for the British 3 '  s h e l l .  

The relation between the non-dimensional and the  u p r a o t i c a l t t  
coefficients is: 

H, P Hitchcock 



. . 
Drift of Brltish 16 lb. 3!l Shell of Form A '  

- 
Month Eleva- . T w i s t  Mean D r i f t  ( rn in , )  
F i r e d  t i o n  of Obaerv- Calcu- Observ- Calcu- 

R i f l i n g  ed Time l a ted  ed , l a t e d  
deg, . rev/cal, see,  Var, N o  Corist. N 

April 50 1/30 10.9 13 .O 15.9 
May 2 3 . 9 .  4903 53 05 'P" 5 07 

96.2 $6. 94.9 
120,5 130.5 138 07 

Feb, 

11 







DRAG COEFFICIENT, K, 
vs. 

MACH'S RATIO U/a 

PROJECTILE 
3" SHELL 
FUZE 
WEIGHT- LBS. 
OCIVAL HT. - CAL. 
OGIVAL RAD-CAL. 
BASE 

BR. U. S. 
FORM A TYPE 3 
BR.H.E.MK.lI6 U.S.A.A.MM.IX 
NO:$O MK.III TIME, MK.m 
16 12.7 
1.802 1.622 
2 2 
SQUARE I SQUARE 



DRAG COEFFICIENT, K, 
vs. 

MACH'S RAT 10 Y/a  

PROJECTILE 
3" SHELL 
FUZE 
WEIGHT - LB. 
OGLVAL HT. - GAL. 
OCIVAL RA0.-CAL 
BASE 

BR. 
FORM €3 
BR.H.E.MK.BE3 
6 CRH PLUG 
16 
2.32% 
6 
SQUARE 

U.S. 
TYPE 6 
U.S.H.E.Mt915 
8.0. M K 8  
15 
2.527 
7 
SQUARE 






